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Gastroesophageal reflux disease (GERD) is a commonly encountered condition in children, which at times causes
respiratory distress, such as asthmatic symptoms, and results in serious morbidity and even mortality. The
complexity is sometimes so obscure, that it can cause paradoxical diagnoses and treatment. Here we present two
cases of children with difficult-to-treat asthmatic symptoms, which were eventually found to be related to GERD.
The two children were treated with anti-reflux procedures and both became symptom free. Literature was also
reviewed to shed a light into this complex disease.
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It was a 12 year-old girl, who had frequent cough and
wheezing which required hospital visits and intravenous
anti-asthmatic medication every year, since she was two
years old. However, after she was ten her symptoms wor-
sened when her wheezing became daily episodes accom-
panied with violent cough which could last for one or
two hours before remission, making her difficult to lie
down at midnight. She also reported sneezing, eye-
itching and tearing before the onset of cough and
wheezing, but no notable heartburn or regurgitation was
recalled. During the years, despite her longing to im-
prove grades in school, she often had to cut school due
to hospital visits or fatigue, Her family had consulted
five major hospitals in different provinces, in addition to
almost all the local hospitals. The diagnosis was always
the same: allergic asthma. Her spirometry test showed
16% improvement in FEV1 after inhaling albuterol and
the only one positive skin prick test result was house-
dust mites four years ago. Despite maximum dose of oral
corticosteroid and Beta-agonists inhaling, or traditional* Correspondence: zhonggaowang@126.com
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reproduction in any medium, provided the orChinese medicine, her symptoms seemed to be uncon-
trollable. At last, she came to us for gastroesophageal re-
flux (GER) evaluation to find out if the asthmatic
symptom is second to GER. The routine 24-hour pH
monitoring showed pathological acid reflux (DeMeester
score: 25.45), which was more severe in supine position.
And the longest reflux (18.1 min) occurred at one mid-
night when she had an asthma attack. According to the
data we concluded that her asthma was GER related.
We conducted Stretta Frequency (SRF) procedure on
the patient after having approval from the hospital’s eth-
ics research committee and obtaining parental consent
from the patient’s family. Since the day of the anti-reflux
treatment, the patient can sleep well and until now her
handicapping symptoms have disappeared for 31 months
without medication.Case 2
In this case the patient is a boy. Since he was born in
1997, his mother found he was difficult to feed due to
frequent belching and regurgitation of milk into his
mouth and nasal cavity. At the age of six, wheezing,
short of breath and productive chough caused him to be
hospitalized and the disease was treated as “pneumonia”.
Since then until he aged ten, his repeated “pneumonia”
forced him to be taken into hospital almost every month,This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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the years he usually had productive cough for one or
two days before onset of wheezing and short of breath.
He was also diagnosed as affected with “allergic asthma”
in other hospitals though allergen was not identified. All
kinds of anti-asthmatic medications (oral, intravenous or
inhaled) had been tried, which were all helpless in pre-
venting the disease from getting worse. Despite constant
and marked symptoms of belching and regurgitation, ac-
companied by astigmatism and sore throat started since
age ten, these symptoms were neglected and untreated
by his family and physicians. Through the Internet, the
desperate mother found us and brought the boy for
GER evaluation.
On admission, the patient was a lean adolescent
appearing to be healthy with no signs of respiratory dis-
tress. His chest film showed mild emphysema, total IgE
plasma level was normal (12.90 IU/ml) and the esopha-
gogastroduodenoscopy showed a sliding hiatal hernia
and non-erosive reflux disease (NERD) (Figure 1). A fol-
lowing esophagus manometry also found the hernia andFigure 1 In case 2, a hiatus hernia without esophagitis was
identified under endoscopy, which was considered as the cause
of the boy’s persistent and evident GER and then the difficult-
to-treat asthmatic symptom. And this anatomical defect indicates
a surgical intervention.showed a hypotensive short lower esophageal sphincter
(LES) and abnormal esophageal contraction waves. We
concluded that his hiatal hernia, GER and asthmatic
symptoms were related. Laparoscopic Nissen fundoplica-
tion (LNF) and hiatal hernia repair were performed on
him. After the surgery, we have followed up the boy for
15 months and found that episodic respiratory distress ,
“pneumonia”, and his belching and regurgitation were
cleared up.
Discussion
Gastroesophageal reflux disease (GERD) is a commonly
encountered condition in childhood [1]. Reflux-
associated extraesophageal symptoms in infants and
children include serious events, such as oxygen desatur-
ation, episodes of apnea, recurrent aspiration, as well as
symptoms such as asthma, bronchitis, irritability, and
sleep disturbances, which apparently may result in ser-
ious morbidity, even mortality [2,3]. In the first three
months of life, postprandial reflux is considered a
physiological event which gradually decreases and disap-
pears by one year of age [4]. The progressive decrease in
episodes is due to maturation of the LES and to acquisi-
tion of sitting and standing. However, some children
have persistent regurgitation or reflux after the first year
of age. Their reflux is not only associated with feeding
but also with backwardness, behavioral disorders such as
irritability, unjustified crying and sudden waking, and
persistent esophageal hiatus defect [5].
Similar to GERD, asthma is also a common disease
with chronic complex inflammatory airway disorder,
which is characterized by variable degrees of recurring
symptoms of airflow obstruction and bronchial hyper re-
sponsiveness [6]. Although the majority of asthma
patients may obtain the targeted level of control, some
patients will not achieve control even with the best ther-
apy [7]. Patients who do not reach an acceptable level of
control with reliever medication plus two or more con-
trollers can be considered to have difficult-to-treat
asthma [8]. The lives of children with difficult-to-treat
asthma are severely disrupted with frequent hospital vis-
its, school absence, and limitation of normal activities.
Behavioural problems and a lower quality of life are
more pronounced in those children [9]. Persistent air-
flow limitation is present in a proportion of these
patients [10]. Although they probably account for less
than 5% of all children with asthma, the management of
this group of children is difficult, with little evidence to
guide the choice of further treatment for those who re-
main symptomatic even after the use of regular systemic
corticosteroids.
The association between asthma and GER has been
debated for decades after Sir William Osler first observed
the association between worsening asthma and distended
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dren with asthma ranged from 19.3% to 80.0% and aver-
aged 22.8%. In patients with asthma, the average
prevalence of abnormal esophageal pH was 68.2% and of
esophagitis was 35.6%. GERD was found in about 49% of
patients with childhood difficult-to-treat asthma [12] and
a hiatal hernia often predicts a higher risk of GERD due
to the anatomical defect [13].
The diagnosis of GER is not easy in some children
with asthmatic symptom. GER may be present with
bronchiolitis, pneumonitis, and even failure to thrive.
Other common GER respiratory manifestations are
chronic coughing, asthma, laryngeal spasm, apnea, stri-
dor, pulmonary dysplasia, and cyanotic crises. Nocturnal
wheezing or coughing with inadequate response to med-
ical treatment for asthma, negative family history of
atopy, and early onset of bronchial hyperreactivity can
distinguish these patients [14]. GER typically has symp-
toms such as heartburn and/or regurgitation. However
the prevalence of asymptomatic acid reflux in patients
with asthma varies between 10% and 62% according to
the underlying severity of the asthma and the measure
used to identify symptoms [15]. Thus, there is a need for
tests to predict the presence of GER among children
with difficult-to-treat asthma. 24-h intra-esophageal pH-
monitoring is one of the current reference-standard
methods for GER assessment in children [16]. Multi-
channel intraluminal impedance and pH (MII-pH) mon-
itoring can detect anterograde or retrograde acid or
non-acid bolus and determine the composition (liquid,
gas and mixed) movement into the esophagus, as well as
the height reached by the refluxate [17]. Endoscopy is
sensitive for esophagitis and hiatal hernia. Esophagus
manometry is valuable for demonstration of esophageal
dyskinesia, hypotonia of the LES or the presence of hia-
tal hernia. An easy-to-conduct barium swallow study is
useful to detect hiatus hernia or spontaneous reflux.
These modalities may have important diagnostic and
therapeutic implications for children with reflux-related
respiratory problems. Recently, a study by Dal Negro
et al. showed that esophageal acidification has a good
level of both sensitivity and specificity by enhancing the
MCh response in FEV1 only in the presence of acid
GER. This test could be a potentially useful tool for bet-
ter selection of GER-related asthma from the asthmatics
in clinical practice [18].
Reflux management strategies focus on two main
areas: First, to use effective agents to reduce acid secre-
tion and thus the likely damage to the esophagus and
lungs from their long-term or repeated exposure to
acidic gastric contents. Proton pump inhibitor (PPI)
therapy is currently the most accepted medical therapy
in children, as it is in adults. However, PPI failed to show
benefit in terms of asthma control in children withGERD in most of the well-designed studies [19]. Despite
the current lack of population based studies and longitu-
dinal studies, PPI still could be a valuable empiric treat-
ment for well selected asthmatic children with GERD.
Second, to correct some of the anatomic abnormalities.
By artificial means, it is to increase tonicity and to re-
store functions of the lower esophageal sphincter to
some degree. For a patient who has difficult-to-treat
asthma, whether the etiology is primary or secondary to
an underling disorder such as GERD must be clarified.
To treat cases of GER related asthmatic symptoms, fun-
doplication or some other procedures should be consid-
ered for patients who have failed maximal medical
therapy, who are not proper candidates to undergo med-
ical therapy for some special reasons, and who have hia-
tal hernia contributing to the reflux. It is essential to
confirm that any existing anatomic or neurophysiologic
defects are either remedied first or are considered as one
part of the GERD management as well. Since 2006 when
we established a Center for GERD to diagnose and to
treat GERD patients with asthmatic symptoms using
SRF or LNF, some good results have been documented
for adult patients [20]. Effectiveness of surgical therapy
in different uncontrolled series in children with severe
persistent asthmas have also been reported [21-23],
which shed a light on potential alternative or promising
therapy for difficult-to-treat or uncontrolled asthmatic
for children.
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